The Korean high-speed rail (HSR) began its commercial service in 2004. This service has been created significant changes in the system of intercity passenger travels of Korea. However, the actual ridership was approximately half of the estimated one in the planning stage. In this background, this paper presents the difference between the stated preference (SP) before the HSR service and the revealed preference (RP) after it using the intercity travel mode choice models. Several meaningful differences are found in terms of the factors affecting the travel mode choice, the estimation results of model, the monetary values of time, and elasticities. While the access/egress travel time of high-speed rail is less important than in-vehicle travel time in the SP sample, they have same weight in the RP sample. Also the RP models show that the probability of choosing HSR can be decreased by the increase of the number of vehicles in household contrary to the results from the SP models. The monetary values of travel time are relatively high and the direct and cross elasticities in response to changes in level-of-service of HSR are relatively low in the RP sample. This Korean case is expected to offer referable material for preparing high-speed rail services in other countries by showing the difference between the SP and RP before/after the actual service, identifying the importance of access/egress travel time and lower direct elasticities of HSR demand.
Introduction
The Korean high-speed rail (HSR) that was referred to as KTX (Korean Train eXpress) began its commercial service on April 1, 2004 . KTX runs on both the Gyeongbu (Seoul-Busan) and the Honam (Seoul-Mokpo) corridors; these two corridors form the main transportation line in Korea. The first stage of the service completed in 2004 involved electrified existing rail links in addition to newly constructed links. The second stage was completed in 2010 with newly constructed links to most lines except for some sections in the Seoul metropolitan area.
The average daily KTX users have increased from 72,300 passengers in 2004 to 154,700 passengers in 2012 [1] . This would be a result of the adjustment in the operational scheme, the increased service frequency of KTX, and the newly constructed stations in the line such as Ulsan, Gyeongju, Gimcheon, etc. This service has been created significant changes in the system of intercity passenger travels of Korea. However, the actual ridership was approximately half of the estimated one in the planning stage. Some possible causes can be explained from the prediction in the total intercity passenger travel demand and the mode choice behavior. For further reference detailed, see Lee and Chang [2] .
For the estimation of intercity travel mode choice model, the revealed preference (RP) data is generally used because it depicts the current equilibrium among the travel modes and has high reliability and validity. However, the RP data only has existing alternatives. Therefore the SP data is widely used for the model estimation with new mode such as HSR in spite of the lack of reliability and validity. [3] Hensher and Bradley [4] used a collected data as part of a study of HSR and illustrated the advantages of the RP-SP dual data strategy. Hensher [5] also used the SP data for identifying the market potential for HSR in the Sydney-Canberra corridor. Burge et. al. [6] surveyed the SP data for providing values for the different service components in the mode choice modeling process, quantifying where HSR fits in the modal choice hierarchy, and collecting background information on travelersí socio-economic characteristics, attitudes and travel preferences, and quantify the impact of these on demand for HSR in Great Britain. Lee et. al. [7] used the combined RP-SP data for the demand analysis of the Honam (Seoul-Mokpo Corridor) HSR in Korea. Park and Ha [8] analyzed the impact of HSR service on air transport using the SP data in Korea. Chou and Fu [9] also used the SP method to collect preferences of passengers regarding airline operations currently and the HSR carrier in the future in Taiwan. Willigers and Wee [10] presented for a stated choice experiment for location choices of offices in the Netherlands. They focused on how the level-of-service characteristics of railway station, in particular the presence of HSR service, influence the attractiveness of locations for specific types of offices. Outwater et. al. [11] developed the integrated statewide models that offer a comprehensive tool to forecast long and short distance travel in California using RP and SP data. It provided a robust and accurate assessment of multimodal travel at the statewide level. Also there are several research reports used the SP data for high speed rail assessment in Norway, Canada, etc. [12, 13] Most of relating studies have been targeted at investigating the demand forecasting of HSR using combined RP-SP data or SP data. In author's opinion, researchers should pay more attention to the difference between the estimation results from SP and RP data for reducing the error in the HSR demand forecasting. In these backgrounds, this paper presents the differences between the stated preference before the HSR service in 2002 and the revealed preference after the HSR service in 2011 using the intercity travel mode choice models in terms of the factors affecting the travel mode choice, the estimation results of model, the monetary values of time, and elasticities.
Model Formulation
This paper formulates two types of inter-city travel mode choice models: the multinomial logit model and the mixed logit model that accommodates the observed and unobserved (to an analyst) heterogeneity across individuals in response to level-of-service (LOS) factors because an individual's response to LOS attributes affects his/her travel mode choice for a trip, and the response varies across individuals based on observed and unobserved individual characteristics (e.g., the purpose of trip, vehicle ownership, etc.).
Hensher and Button [14] defined that the heterogeneity effects refer to observed and unobserved differences across decision-makers in the intrinsic preference for a choice alternative (Preference heterogeneity) and in the sensitivity to characteristics of the choice alternatives.(Response heterogeneity) The unobserved heterogeneity effects can be accommodated by using the random-parameter structure. Bhat [15] estimated an inter-city travel mode choice model that accommodates variations in response to LOS measures due to both observed and unobserved individual characteristics. The model was applied to examine the impact of improved rail service on weekday business travel in the Toronto-Montreal corridor. Bhat [16] also formulated a mixed logit model of multi-day urban travel mode choice that accommodates variations in mode preference and response to LOS factors. The model was applied to examine the travel mode choice of workers in the San Francisco Bay area. Hensher and Greene [17] accommodated unobserved response heterogeneity, along with inter-alternative correlation, in a RP-SP study on vehicle type choices among conventional, electric, and uncompressed natural gas/liquid natural gas (UNG/LNG) vehicles in single vehicle households.
In the mixed logit model framework, the random utility term is made up of two components: a probit-like random component with a multivariate distribution, and an IID type I extreme value distributed random component. The probit-like random component captures the interdependencies among alternatives and/or response heterogeneity. Walker [18] showed that the mixed logit model with the Analyzing the Difference between the Stated Preference and the Revealed Preference before/after the High-speed Rail Service in Korea − 26 − factor-analytic structure is a general formulation that can be used to specify all known (additive) error structures, including heteroscedasticity, nested (cross-nested) error structures, random parameters, and auto-regressive process. Thus, we specify the heterogeneity using a factoranalytic structure.
In a compact vector form, the utility function at the t-th choice occasion of individual n accommodating the heterogeneity can be written as follows: (1 The unobserved heterogeneity model is estimated with normal distributions. T is usually specified as diagonal except when the LOS variables are closely correlated. The unknown parameters in this model are , and those in T. The explanatory variables and are observed, whereas , and are unobserved. If the factors are known, the model corresponds to a multinomial logit formulation. The conditional choice probability of alternative i at the t-th choice occasion of individual n, given is as follows. (3) The unconditional choice probability of alternative i at the t-th choice occasion of individual n is: (4) where : the multivariate cumulative normal distribution.
For maximum likelihood estimation we need the probability of each sampled individual's sequence of observed choices. The probability of individual n's observed sequence of choices is the product of the conditional choice probability. (Eq. (3)) (5) The unconditional probability for the sequence of choices is:
Model Estimation
The Maximum Simulated Likelihood (MSL) estimation method is generally used to estimate the mixed logit model. The choice probability of alternative i is replaced with the unbiased smooth tractable simulator: (7) where : the choice probability of alternative i given , ,
: the vector of unknown parameters, : the draw from the distribution of , D: the number of draws (repetitions).
This process is repeated D times for the given value of the parameter vector to be estimated, and the integrand (Eq. (6)) is approximated by averaging the computed choice probabilities in the different draws. The simulated log-likelihood function can be written as: [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] 2014 where N: the total number of individuals who in the sample
The parameter vector is estimated as the vector values that maximize the simulated log-likelihood function. Under rather weak regularity conditions, the maximum simulated likelihood estimator is consistent, asymptotically efficient, and asymptotically normal-distributed [19] . The MSL estimator will generally be a biased simulation of the maximum likelihood estimator because of the logarithmic transformation of the choice probabilities in the log-likelihood function. The bias of the MSL estimator decreases as the number of repetitions (D) increase [20] . Brownstone and Train [21] have shown the bias to be rather negligible with 250 repetitions. Since the mixed logit model in this paper used the normal distributions, the empirical analysis was carried out for 2500 times.
Bhat [22] has shown that the Halton simulation method outperforms the pseudo random Monte Carlo simulation method for mixed logit model estimation. Bhat [23] also described a problem that the standard Halton sequence defined by large primes can be highly correlated with each other over large portions of the sequence for simulation of high-dimensional integrals and suggested an effective solution, the scrambled Halton sequence. In this paper, the standard Halton sequence is used because relatively low dimensional integrals are simulated.
To decrease estimation time, we analytically programmed the gradients of the simulated log-likelihood function with respect to the parameter and approximated the Hessian (the second derivatives) with the BHHH technique [20] : (9) The score was evaluated per individual and computed with the simulated scores for the MSL estimation. The estimation and computations in the paper were carried out using the Microsoft Visual C++ programming language on a personal computer
Estimation Results

Data Sources
The SP data used in the analysis were assembled by the Korean Society of Transportation in 2002 before the HSR service to develop travel demand models to forecast the future HSR demand in the HoNam corridor (SeoulIkSan, GwangJu, MokPo corridor) with choice-based sampling method [24] . Also, the RP data were collected by the Korea Transport Institute in 2011 after the HSR service to develop travel demand models to modify the guidance for the feasibility survey of railway construction project with same sampling method [25] . The sample used consists of 2,078 SP data in 2002 and 2,538 RP data in 2011.
All the data include socio-demographic and general tripmaking characteristics of the traveler. (e.g., the purpose of trip, travel group size, origin, and destination cities, choice set, children or baggage dummy, income level, number of vehicles in household, gender, age, etc.) The LOS variables are access/egress travel time, access/egress travel cost, in-vehicle travel time, and travel cost (fare). The universal choice set in the SP and RP sample consists of five travel modes: car, bus, high-speed rail (HSR), conventional rail (CNR), and air. Each traveler has his/her own choice set.
Especially, the SP survey was to obtain the data to model the travel behavior responses of the HoNam corridor travelers to changes in the HSR in-vehicle time and its cost. The other travel conditions were hypothesized as the same as the current travel conditions in 2002. Thus, the access time and cost of the HSR alternative were assumed to be equal to those of the existing conventional rail alternative. The experimental design for the SP survey generated 6 scenarios of the HSR alternative. (2 levels of fare × 3 levels of in-vehicle time)
-HSR fare: equivalent to 65% and 90% of the airfare.
-HSR in-vehicle time: each case of journey speed -150 km/hr, 180 km/hr, and 210 km/hr.
The RP survey was to obtain the information on the current trip such as perceived travel times and costs of available alternatives in 2011 after the HSR service in Korea. So the access/egress travel time and cost of the HSR alternative could be different to those of the conventional rail alternative in contrast with the SP data in 2002. Table 1 presents the availability and choice share of each mode by data. The share of choosing the HSR in the RP Analyzing the Difference between the Stated Preference and the Revealed Preference before/after the High-speed Rail Service in Korea − 28 − sample after the HSR service is considerably lower than that in the SP sample before the HSR service, and the shares of choosing the car and the bus in the RP sample are slightly higher than that in the SP sample. Table 2 and Table 3 present the descriptive statistics for socio-demographic and trip characteristics in the SP and RP sample. The sample share of traveling alone in the RP sample is lower than that in the SP sample, while the sample share of traveling with 4 people in the RP sample is higher than that in the SP sample. Also the share of sample for sightseeing is higher in the RP sample. Table 4 provides the data-fit statistics of the various models. There is an improvement in data-fit statistics when one introduces the heterogeneity. The rho-barsquared value increases from 0.2291 to 0.2376 in the SP sample, from 0.1505 to 0.1531 in the RP sample. These results show the need to accommodate the heterogeneity. Table 5 shows the estimation results of the two models with the SP sample before the actual HSR service. The first model is the multinomial logit (SP-MNL) model, the second is the mixed logit (SP-MMNL) model accommodating observed and unobserved heterogeneity.
Models with SP Sample
The effects of socio-demographic variables indicate that individuals in a household with a high number of vehicles are not to prefer the conventional rail alternative in both models. In the SP-MNL model, they are likely to prefer the car and the air. While those who travel on business relatively prefer the air and not prefer the bus and the conventional rail in the SP-MNL model, there are no statistical significances in the SP-MMNL model. An individual traveling in a group does not prefer the bus and the conventional rail. The bus, HSR, and air are less attractive to the individuals who have baggage or children due to the burden of transferring at the bus terminal, station, and airport. An individual in the higher income group (Upper 15% of the population) prefers the car, HSR, and air in both models. Among the LOS variables, the results show the expected negative effects of travel time and cost. All the standard deviation parameters representing the unobserved heterogeneity are not statistically significant. In particular, the travelers' response to access/egress travel time factor varies across the individuals. The parameters representing the Among the LOS variables, the meaningful differences can be found between the SP models and the RP models. The access/egress travel time variables are less important than in-vehicle travel time variables in the SP sample. However, they have same weight in the RP sample. Also, there is no statistical difference between the access/egress cost variable and the travel cost variable. In the SP models, the in-vehicle travel time variable of the HSR alternative is not different with those of the conventional rail and air, while the total travel time of the HSR is not different with those of the car and the bus in the RP models. Also, it is higher than that of the conventional rail and considerably lower than that of the air. The standard deviation parameters representing the unobserved heterogeneity in the total travel time of the car, bus, HSR and conventional rail are statistically significant. All the parameters representing the observed heterogeneity are not statistically significant. Table 6 presents the estimation results of the two models with the RP sample after the actual HSR service. The first model is the multinomial logit (RP-MNL) model, and the second is the mixed logit (RP-MMNL) model accommodating unobserved heterogeneity.
Models with RP Sample
The effects of travelers who have baggage or children and those of individuals in the higher income group (Upper 25% of the population) are not statistically significant in the RP sample in contrast with the results from the SP sample. Individuals in a household with a high number of vehicles prefer the car alternative but not prefer the HSR alternative. The non-preference of the conventional rail in the SP sample is not significant in the RP sample. Also, an individual traveling in a group tends to prefer the car and the bus, not to prefer the air alternative. It can be explained by the cost for each person. The bus is the cheapest mode and the air is the most expensive mode. Furthermore, the cost of the car can be reduced by increasing the travel group size. Those who travel on business relatively tend to prefer the air but not to prefer the conventional rail. The preference of the HSR in the SP sample is not significant in the RP sample. Among the LOS variables, the meaningful differences can be found between the SP models and the RP models. The access/egress travel time variables are less important than in-vehicle travel time variables in the SP sample. However, they have same weights in the RP sample. Also, there is no statistical difference between the access/egress cost variable and the travel cost variable.
In the SP models, the in-vehicle travel time variable of the HSR alternative is not different with those of the conventional rail and air, while the total travel time variable of the HSR is not different with those of the car and the bus in the RP models. Also, it is higher than that of the air. The standard deviation parameters representing the unobserved heterogeneity in the total travel time of the car, bus, HSR, and conventional rail are statistically significant. All the parameters representing the observed heterogeneity are not statistically significant. Table 7 It can be concluded that the monetary values of the conventional rail can be overestimated and those of the air can be underestimated using the SP sample. Also, the monetary values of the HSR can be lower than those of the air and higher than those of the conventional rail.
Policy Implication
The objective of the original survey was to examine the effects of the newly constructing HSR mode. Consequently, an examination of the aggregate-level direct and cross-elasticities of the changes in the LOS attribute of the HSR alternative is focused from the estimation results. The aggregate elasticities provide the proportional changes in the expected market shares of each mode in response to a uniform percentage change in the LOS attribute of the HSR alternative. Table 8 shows the aggregate direct and cross-elasticities of the four models in the Seoul-Busan corridor. The simulation for the aggregate forecasting was carried out for 1000 times. The aggregate direct and cross-elasticities from the RP models are less sensitive than those from the SP models. It indicates that the SP model leads to an overestimation in the choice probability of the HSR in response to an improvement in the level-of-service of HSR. Also, it shows the possibility of the cognitive incongruity with the actual response in the SP survey.
Furthermore, in the SP models, the HSR direct elasticities indicate that a reduction in the fare is a more effective means of increasing the HSR market share than a reduction in the in-vehicle travel time.
On the contrary, a reduction in the total travel time including access/egress travel time is a more effective means in the RP models. It can be supported by the empirical results of Korean case. A considerable increase of average daily KTX users from 2004 to 2012 is mainly 
Conclusions
Most of studies for investigating the demand forecasting of high speed rail have been used the combined RP-SP data or the SP data because the high speed rail was not an existing mode before it's service in spite of the lack of reliability and validity. Therefore, it is necessary to analyze the differences between the estimation results from SP data before the actual HSR service and the RP data after it for reducing the error in the high-speed rail demand forecasting.
This paper formulates two types of models: the multinomial logit model and the mixed-logit framework that accommodates the observed and unobserved heterogeneity across individuals in response to LOS attributes. The mixed logit formulation is estimated using the maximum simulated likelihood estimation method that employs the quasi-random Halton draws.
From the estimation results of intercity travel mode choice model, the meaningful differences between the SP and the RP are presented. First, the results support the importance of access/egress travel time and confirm the effect of the number of vehicles in household. The parameter of access/egress travel time has same weight as that of in-vehicle travel time in the RP sample unlike the relatively lower weight in the SP sample. The probability of choosing HSR can be decreased by the increase of the number of vehicles in household. Second, the results show that the monetary values of the conventional rail can be overestimated and those of the air can be underestimated in the SP sample contrary to the results from the RP sample. Therefore, the monetary values of the HSR can be lower than those of the air and higher than those of the conventional rail. Third, this paper indicates that the SP model can lead to an overestimation in the choice probability of the HSR in response to an improvement in the level-of-service of HSR. It also supports that a reduction in the total travel time including access/egress travel time can be more effective means of increasing the HSR market share than a fare reduction.
This Korean case is expected to offer referable material for preparing high-speed rail services in other countries by showing the differences between SP and RP sample, identifying the importance of access/egress travel time and lower elasticities of HSR demand. In-vehicle travel time in the SP models, Total travel time in the RP models
